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The CO, capture system by chemical absorption for remov-
ing CO,, from a combustion exhaust gas by a solvent, com-
prising: an absorber for absorbing CO, by a solvent, a regen-
erator for heating a rich solvent absorbed CO, thereby
releasing CO,, a gas exhaust system for discharging gas from
the regenerator, a gas compressor nstalled 1n the gas exhaust
system, a heat exchanger disposed downstream of the gas
compressor for exchanging heat between compressed gas and
rich solvent to be supplied to the regenerator, a gas-liquid
separator disposed downstream of the heat exchanger for
separating gas irom condensed water, a condensed water
supply system for supplying condensed water from the gas-
liquid separator to the regenerator, another gas exhaust sys-
tem for discharging gas containing high-concentration CO,
from the gas-liquid separator, and a compressor disposed
downstream of the gas-liquid separator in the another gas
exhaust system for pressurizing the gas containing high-con-
centration CQO.,,.
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CO, CAPTURE SYSTEM BY CHEMICAL
ABSORPTION

CLAIM OF PRIORITY

The present application claims priority from Japanese

patent application JP 2012-000960 filed on Jan. 6, 2012, the
content ol which 1s hereby incorporated by reference 1nto this
application.

BACKGROUND OF THE INVENTION

1. Technical Field

The present inventions relates to a CO, capture system by
chemical absorption that recovers CO, from combustion
exhaust gas, and 1n particular, to a CO, capture system by
chemical absorption that reduces energy loss of the CO,
capture system.

2. Background Art

To reduce emission of carbon dioxide (CO.,) which causes
global warming, technologies for removing CO, from
exhaust gas discharged from plants where fossil fuels are
burnt have been being developed. One of those technologies
1s a CO, capture system by chemical absorption which recov-
ers CO,, from gas by means of an alkaline solvent.

Basic mechanism of the CO, capture system by chemical

absorption i1s described 1n, for example, Japanese Patent Laid-
Open No. 2010-22986 (patent literature 1). CO,-containing
exhaust gas 1s supplied to an absorber and comes 1n contact
with a solvent therein, and the CO, contained 1n the exhaust
gas 1s absorbed by the solvent.

The solvent (rich solvent) that has absorbed CO, 1s sup-
plied to a regenerator and regenerated by releasing CO,. The
regenerated solvent (lean solvent) 1s then supplied to an
absorber and used again for absorbing CO,. The CO, that has
been released 1n the regenerator 1s compressed and supplied
to underground storage equipment or the like.

Since the CO, release reaction that regenerates the solvent
1s an endothermic reaction, 1t 1s necessary to heat up the rich
solvent to be supplied to the regenerator and the mside of the
regenerator to a temperature between 100° C. and 120° C.

The rich solvent 1s heated through the heat exchanger by
the lean solvent supplied from the regenerator. Furthermore,
the solvent 1s heated using heating vapor 1n areboiler attached
to the regenerator, and generated vapor 1s supplied to the
regenerator, thereby heating the 1nside of the regenerator.

One of the problems for practical use of the CO, capture
system by chemical absorption 1s to reduce energy (recovery
energy) necessary for regenerating the solvent. If recovery
energy can be reduced, 1t 1s possible to effectively use more
energy taken out from a combustion plant.

Techniques for that purpose include a vapor recompression
(hereafter abbreviated as VR) technique described in WO
2009/091437 (patent literature 2) and a multi-effect tech-
nique. Furthermore, Japanese Patent Laid-Open No. 2008-
62165 (patent literature 3) describes a method for heating a
lean solvent by means of the heat generated when CO.,, emit-
ted from the regenerator 1s compressed by a compressor.

PATENT LITERATUR.
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PATENT LITERATURE 3

Japanese Patent Laid-Open No. 2008-62165

SUMMARY OF THE INVENTION

To 1ncrease energy efliciency of the CO,, capture system by
chemical absorption including the reduction of recovery
energy, 1t 1s necessary to reduce mput energy as well as
reducing and reusing waste heat. However, with regard to the
CO, capture system by chemical absorption described in each
ol the cited patent literatures, nothing 1s proposed about spe-
cific techniques to reduce energy and reduce and reuse waste
heat.

An object of the present invention 1s to provide a CO,
capture system by chemical absorption capable of increasing
energy elliciency of the system by reducing recovery energy
inputted into the regenerator as well as reducing cooling
exhaust heat resulting from exhaust gas cooling.

An aspect 1n accordance with the present imvention pro-
vides a CO, capture system by chemical absorption for
removing CO, from a combustion exhaust gas by a solvent,
comprising: an absorber for absorbing CO, by the solvent; a
regenerator for heating a rich solvent that has absorbed CO,
thereby releasing CO, and forming a lean solvent; a rich
solvent supply system for supplying the rich solvent from the
absorber to the regenerator; a lean solvent supply system for
supplying the lean solvent from the regenerator to the
absorber; a heat exchanger for exchanging heat between the
rich solvent and the lean solvent supplied from the respective
supply systems; and a reboiler for heating the solvent sup-
plied from the regenerator; the CO, capture system by chemi-
cal absorption further comprising: a gas exhaust system for
discharging gas released from the solvent 1n the regenerator;
a gas compressor installed downstream of the gas exhaust
system; a heat exchanger disposed downstream of the gas
compressor for exchanging heat between a compressed gas
and a rich solvent to be supplied to the regenerator; a gas-
liquid separator disposed downstream of the heat exchanger
for separating gas from condensed water; a condensed water
supply system for supplying condensed water from the gas-
liquid separator to the regenerator; another gas exhaust sys-
tem for discharging gas containing high-concentration CQO,
from the gas-liquid separator; and a compressor, disposed
downstream of the gas-liquid separator in the another gas
exhaust system, for pressurizing the gas contaiming high-
concentration CQO.,,.

Another aspect of the present invention provides a CO,
capture system by chemical absorption for removing CO,
from a combustion exhaust gas by a solvent, comprising: an
absorber for absorbing CO, by the solvent; a regenerator for
heating arich solvent that has absorbed CO, thereby releasing
CO, and forming a lean solvent; a rich solvent supply system
for supplying the rich solvent from the absorber to the regen-
crator; a lean solvent supply system for supplying the lean
solvent from the regenerator to the absorber; a heat exchanger
for exchanging heat between the rich solvent and the lean
solvent supplied from the respective supply systems; and a
reboiler for heating the solvent supplied from the regenerator;
the CO, capture system by chemical absorption further com-
prising: a gas exhaust system for discharging gas released
fromthe solvent in the regenerator; a gas compressor installed
downstream of the gas exhaust system; a heat exchanger
disposed downstream of the gas compressor for exchanging
heat between a compressed gas and a rich solvent to be
supplied to the regenerator; a gas-liquid separator disposed
downstream of the heat exchanger for separating gas from
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condensed water; a condensed water supply system for sup-
plying condensed water from the gas-liquid separator to the

regenerator; another gas exhaust system for discharging gas
containing high-concentration CO,, from the gas-liquid sepa-
rator; and a compressor, disposed downstream of the gas-
liquid separator 1n the another gas exhaust system, for pres-
surizing the gas containing high-concentration CO,, and a
vapor recompression system for supplying vapor to the regen-
erator comprising: a decompression evaporator for evaporat-
ing the lean solvent discharged from the regenerator or the
reboiler; a compressor for pressurizing vapor generated by
the decompression evaporator; and a vapor system for sup-
plying the vapor generated by the decompression evaporator
to the compressor and supplying the vapor pressurized and
heated by the compressor to the regenerator.

Still another aspect of the present invention provides a CO,
capture system by chemical absorption for removing CO,
from a combustion exhaust gas by a solvent, comprising: an
absorber tor absorbing CO, by the solvent; a regenerator for
heating a rich solvent that has absorbed CO, thereby releasing,
CO, and forming a lean solvent; a rich solvent supply system
tor supplying the rich solvent from the absorber to the regen-
erator; a lean solvent supply system for supplying the lean
solvent from the regenerator to the absorber; a heat exchanger
for exchanging heat between the rich solvent and the lean
solvent supplied from the respective supply systems; and a
reboiler for heating the solvent supplied from the regenerator;
the CO, capture system by chemical absorption further com-
prising: a gas exhaust system for discharging gas released
from the solvent in the regenerator; a gas compressor installed
downstream of the gas exhaust system; a heat exchanger
disposed downstream of the gas compressor for exchanging
heat between a compressed gas and a rich solvent to be
supplied to the regenerator; a gas-liquid separator disposed
downstream of the heat exchanger for separating gas from
condensed water; a condensed water supply system for sup-
plying condensed water from the gas-liquid separator to the
regenerator; another gas exhaust system for discharging gas
containing high-concentration CO, from the gas-liquid sepa-
rator; a compressor, disposed downstream of the gas-liquid
separator 1n the another gas exhaust system, for pressurizing
the gas containing high-concentration CO,, a solvent supply
system for supplying the solvent from the regenerator to the
reboiler; a decompression valve installed 1n the solvent sup-
ply system; the reboiler having lower inner pressure than the
pressure of the regenerator; a compressor for pressurizing,
vapor generated by the reboiler; and a pump and lean solvent
supply system for supplying the lean solvent discharged from
the reboiler to the absorber.

According to the present invention, 1t 1s possible to provide
a CO, capture system by chemical absorption capable of
increasing energy eificiency of the system by reducing recov-
ery energy inputted 1nto the regenerator as well as reducing
cooling exhaust heat resulting from exhaust gas cooling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing the CO, capture
system by chemical absorption according to a first embodi-
ment of the present invention.

FIG. 2 1s a schematic diagram showing the CO, capture
system by chemical absorption according to a second
embodiment of the present invention.

FIG. 3 1s a characteristic diagram showing the reduction
elfects of the recovery energy and exhaust heat 1n the CO,
capture system by chemical absorption according to an
embodiment of the present invention.
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FIG. 4 1s a schematic diagram showing the CO, capture
system by chemical absorption according to a third embodi-
ment of the present invention.

FIG. 5 1s a schematic diagram showing the CO, capture

system by chemical absorption according to a fourth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Next, embodiments of the CO, capture system by chemical
absorption according to the present invention will be
described with reference to the drawings.

Embodiment 1

A first embodiment of the CO,, capture system by chemical
absorption according to the present invention will be
described with reterence to FIG. 1. In FIG. 1, an example will
be described 1n which the outlet gas heat of the regenerator of
the CO, capture system by chemical absorption 1s recovered
and reused for an inlet rich solvent of the regenerator.

FIG. 1 shows the system configuration of the regenerator
and peripheral devices ol the CO, capture system by chemaical
absorption according to the first embodiment of the present
ivention.

The CO, capture system by chemical absorption according,
to this embodiment comprises an absorber 1 for removing
CO, contained 1n exhaust gas by absorbing CO,, by a solvent,
and a regenerator 2 for separating CO,, from the solvent that
has absorbed CO, and regenerating the solvent, wherein the
solvent 1s circulated between the absorber 1 and the regen-
erator 2.

To explain the CO,, capture system by chemical absorption
according to this embodiment in detail, exhaust gas 3 that
contains CO, 1s supplied to an absorber 1 and comes 1n
counter-contact with a solvent in the absorber 1, and CO,
contained 1n the exhaust gas 3 1s absorbed by the solvent.

Then, the exhaust gas 3 from which CO, has been removed
by the absorption by the solvent in the absorber 1 1s dis-
charged to the outside of the system as a CO,-Iree gas 4.
Temperature of the absorber 1 1s kept within the range ot 40°
C. to 50° C. which 1s suitable for the absorption of CO, by a
solvent.

The rich solvent 5, which 1s a solvent that has absorbed
CO, contained in the exhaust gas 3 in the absorber 1, is
supplied to the regenerator 2, and is regenerated as a lean
solvent by releasing CO, contained therein 1n the regenerator
2. Temperature of the regenerator 2 1s kept within the range of
100° C. to 120° C. which 1s suitable for releasing CO,. Also,
the regenerator 2 1s kept pressurized at a pressure between
0.15 and 0.2 MPa to prevent the solvent from evaporating due
to high temperature.

To heat up the solvent 1n the regenerator 2, a reboiler 7 1s
attached to the regenerator 2. The solvent 8 supplied from the
regenerator 2 to the reboiler 7 1s heated by regenerated vapor
9 supplied to the reboiler 7, and the generated heating vapor
10 and the heated lean solvent 11 are returned to the bottom of
the regenerator 2 from the reboiler 7.

Herein, since temperature of the lean solvent 11 1s a satu-
ration temperature to generate heating vapor, the temperature
1s 10° C. to 15° C. higher than the temperature of the regen-
erator. The lean solvent 6 1s supplied to the absorber 1 from
the regenerator 2 through the lean solvent supply system 46.
The lean solvent 6 then exchanges heat with the rich solvent
5 flowing through the rich solvent supply system 45 1n the
liquid heat exchanger 12 installed along the path of the lean
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solvent supply system 46, and increases the temperature of
the rich solvent 5 to 100° C. to 120° C.

Temperature of the rich solvent 5 at the outlet of the liquid
heat exchanger 12 1s still 50° C. to 60° C. Accordingly, the
rich solvent 5 1s cooled to 40° C. to 50° C., which 1s suitable
tor absorbing CO,, by the liquid cooler 13 installed along the
path of the rich solvent supply system 45.

On the other hand, CQO, 1s released trom the rich solvent S
in the regenerator 2, and exhaust gas 14 made up of CO, and
vapor 1s extracted from the top of the regenerator 2 by the gas
exhaust system 48. The exhaust gas 14 1s then cooled through
the heat exchanger 30 imstalled along the path of the gas
exhaust system 48 due to heat exchange, and subsequently
separated into CO, rich gas 18 and condensed water 17 by the
gas-liquid separator 31 installed downstream of the heat
exchanger 30.

The CO, rich gas 18 that has been separated by the gas-
liquid separator 31 1s then compressed by a compressor 19
installed 1n the gas exhaust system 51 of the gas-liquid sepa-
rator 31.

Furthermore, condensed water 17 that has been separated
by the gas-liquid separator 31 is returned to the regenerator 2
through the condensed water supply system 49.

The condensed water supply system 49 extending from the
gas-liquid separator 31 prevents the solvent from reaching a
high concentration due to evaporation of water and also
reduces motive power by reducing the amount of gas flowing,
through the compressor 19.

In the CO, capture system by chemical absorption accord-
ing to this embodiment, exhaust gas 14 that contains CO, and
vapor discharged tfrom the top of the regenerator 2 through the
gas exhaust system 48 1s pressurized and heated by a com-
pressor 28 installed 1n the gas exhaust system 48.

The pressurized gas 29 which has been pressurized and
heated by the compressor 28 heats up the rich solvent 5 which
has been supplied from the absorber 1 through the rich solvent
supply system 45 through the heat exchanger 30 installed 1n
the gas exhaust system 48.

In the exhaust gas 14 from which heat has been removed
due to heat exchange in the heat exchanger 30, vapor con-
denses 1nto water. This water 1s separated into condensed
water 17 and CO, rich gas 18 by the gas-liquid separator 31
installed in the gas exhaust system 48 located downstream of
the heat exchanger 30.

Condensed water 17 that has been separated by the gas-
liquid separator 31 1s recovered to the regenerator 2 through
the condensed water supply system 49 via the control valve 32
for decompression and flow control disposed in the con-
densed water supply system 49.

The volume of gas 1s reduced by condensation of vapor and
recovery of condensed water by the gas-liquid separator 31,
and the condensed water 17 can be reused 1n the regenerator
2. The CO, rich gas 18 separated by the gas-liquid separator
31 1s further compressed by the compressor 19 installed 1n
another gas exhaust system 51 disposed outside the gas-liquid
separator 31, and the compressed CO, gas 22 compressed by
the compressor 19 1s then transported through the gas exhaust
system 31 or supplied to the storage equipment (not shown).

The gas exhaust system for treating exhaust gas can be
designed by determining outlet pressure of the compressor 28
installed in the gas exhaust system 48 so that the temperature
of the rich solvent 5 supplied to the regenerator 2 from the
absorber 1 through the rich solvent supply system 435 will
become the temperature of the pressurized gas 29 necessary
for heating to the preset temperature.
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Furthermore, the compressor 28 may be controlled so that
temperature of the rich solvent 5 supplied to the heat

exchanger 30 or temperature of the pressurized gas 29 will
become a preset value.

To 1ncrease the volume of water which is recovered by the
gas-liquid separator 31 and returned to the regenerator 2, a
cooler for further cooling the outlet gas of the heat exchanger
30 may be installed downstream of the heat exchanger 30.

In the condensed water supply system 49 for supplying
condensed water 17 separated by the gas-liquid separator 31
to the regenerator 2, a pump may be installed instead of the
control valve 32 so as to control the flow rate.

The compressor 19 installed 1n the gas exhaust system 51 to
compress CO, rich gas 18 discharged from the gas-liquid
separator 31 1s designed according to the pressure upstream
of the compressor and the pressure at the outlet of the com-
pressor. The upstream pressure of the compressor 19 1s deter-
mined by the outlet pressure of the compressor 28 installed in
the gas exhaust system 48 disposed upstream of the gas-liquid
separator 31. Therefore, motive power of the compressor 19
may be controlled according to the value of the pressure of the
pressurized gas 29.

As stated above, according to this embodiment, it 1s pos-
sible to achieve a CO, capture system by chemical absorption
capable of increasing energy efficiency of the system by
reducing recovery energy inputted into the regenerator as
well as reducing exhaust heat resulting from exhaust gas
cooling.

Embodiment 2

Next, a second embodiment of the CO, capture system by
chemical absorption according to the present invention will
be described with reference to FIG. 2.

Basic configuration of the CO, capture system by chemical
absorption according to this embodiment shown 1n FIG. 2 1s
the same as that of the CO, capture system by chemical
absorption according to the first embodiment shown 1n FIG.
1. Theretfore, description of the configuration common to
both systems 1s omitted and only different parts will be
described below.

FIG. 2 shows an example of the CO, capture system by
chemical absorption that combines the configuration of the
CO, capture system by chemical absorption according to the
first embodiment with the VR technique.

In the CO, capture system by chemical absorption shown
in FIG. 2, the rich solvent S that has absorbed CO,, contained
in the exhaust gas 1n the absorber 1 1s heated, through the
liquid heat exchanger 12 installed along the path of the rich
solvent supply system 45, by a lean solvent 6 supplied from a
regenerator 2 through a lean solvent supply system 46 and
supplied to the regenerator 2 through the rich solvent supply
system 45 located downstream of the liquid heat exchanger
12.

The gas exhaust system 48 extending from the regenerator
2, where CO, 1s released trom a rich solvent 3, and the solvent
supply system 54 around the reboiler 7 for heating the regen-
crator 2 are the same as those of the CO, capture system by
chemical absorption according to the first embodiment shown
in FIG. 1.

Since the VR technique 1s applied to the CO, capture sys-
tem by chemical absorption according to this embodiment, a
vapor recompression system 53 which 1s branched from the
lean solvent supply system 46 and connected to the regenera-
tor 2, 1s disposed. The vapor recompression system 33 1s
made up of a decompression evaporator 24 istalled along the
path of the vapor system for evaporating the lean solvent
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discharged from the regenerator 2 or the reboiler 7, a com-
pressor 26 installed along the path of the vapor system for
pressurizing and heating the vapor 25 generated by the
decompression evaporator 24, and a vapor system for supply-
ing the vapor 23 evaporated by the decompression evaporator
24 to the compressor 26 and supplying the vapor 27 pressur-
ized and heated by the compressor 26 to the regenerator 2.
That 1s, the vapor recompression system 53 1s made up of the
decompression evaporator 24 for generating the vapor 25, the
compressor 26 for pressurizing and heating the vapor 25 to
become the vapor 27, and the vapor system for supplying the
vapor 25 to the compressor 26 and supplying the vapor 27 to
the regenerator 2.

In the CO,, capture system by chemical absorption accord-
ing to this embodiment, even 1f temperature of the rich solvent
5 at the outlet of the heat exchanger 1s lower than the tem-
perature of the 1nside of the regenerator 2, by further heating
the rich solvent 5 by pressurized gas 29 through the heat
exchanger 30 installed 1n the rich solvent supply system 45, 1t
1s possible to increase the temperature of the rich solvent 5 at
a required temperature.

Therefore, 1t 1s possible to lower the temperature of the lean
solvent 6, thereby reducing the pressure of the decompression
evaporator 24. For example, 11 the pressure of the decompres-
sion evaporator 24 can be lowered to one atmosphere, the
volume of the generated vapor 25 can become maximum.

If vapor 23 generated by the decompression evaporator 24
1s pressurized and heated by the compressor 26 installed 1n the
vapor recompression system 53 and supplied to the regenera-
tor 2, the maximum possible amount of heat 1s to be obtained
by the VR technique. Therefore, it 1s possible to minimize the
amount of regenerated vapor 9 used for heating 1n the reboiler
7.

At the same time, because temperature at the outlet of the
lean solvent system of the liquid heat exchanger 12 decreases,
it 1s possible to reduce the amount of waste heat 1n the liquid
cooler 13 installed 1n the lean solvent supply system 46.

FI1G. 3 shows the reduction effects of recovery energy and
cooling waste heat 1n the CO, capture system by chemical
absorption according to this embodiment. In FIG. 3, the CO,
capture system by chemical absorption according to a com-
parative example, which 1s a conventional technology, 1s
shown as a “Basic system”, the VR technique 1s shown as
“Vapor recompression (VR)”, and the CO, capture system by
chemical absorption according to this embodiment 1s shown
as “Vapor recompression (VR)+Present invention”.

With regard to the mput and output energy of the basic
system 1n the comparative example, as shown as the left bar
graph in FIG. 3, when recovery energy, which is input energy
in the reboiler, 1s assumed to be 100%, approximately 20% of
heat 1n the liquid cooler and approximately 20% of heat 1n the
gas cooler results 1n waste heat.

In order to reduce recovery energy, in the system that
applies a VR technique, a decompression evaporator 1s
installed along the path of the lean solvent system that extends
from the regenerator to the liquid heat exchanger 1n the basic
system. Herein, flash evaporation 1s induced by decompress-
ing the lean solvent, generated vapor 1s compressed and
heated by a compressor and used as vapor for heating the
regenerator. The input and output heat 1n this system 1s shown
as a middle bar graph in FIG. 3 represented as *“Vapor recom-
pression (VR)”.

Since the VR technique 1s for converting potential heat of
the lean solvent 1into vapor, waste heat from the liquid cooler
1s reduced to approximately 5%. Since the heat 1s returned to
the regenerator as vapor for heating, recovery energy in the
reboiler can be reduced by approximately 15%.
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However, to realize the heating of the rich solvent by the
lean solvent through the liquid heat exchanger, temperature of

the lean solvent at the 1nlet of the heat exchanger needs to be
higher than the temperature, 100° C. to 120° C., of the rich
solvent at the outlet thereof, which limits the reduction of
waste heat from the liquid cooler. Furthermore, lowering the
pressure of the decompression evaporator will lower the tem-
perature. Therefore, the pressure 1s restricted so that tempera-
ture of the lean solvent supplied from the decompression
evaporator to the liquid heat exchanger will not become lower
than the temperature at which heat exchange with the rich
solvent 1s possible.

Therefore, pressure of the decompression evaporator can-
not be reduced to the normal pressure at which the amount of
generated vapor becomes maximum, which also limits the
reduction of recovery energy. Furthermore, waste heat from
the gas cooler 1s the same as that in the basic system, and the
problem 1s that altogether approximately 25% of waste heat
still remains.

Specifically, temperature of the gas that contains CO,, and
vapor discharged from the regenerator 1s the same as the
temperature of the inside of the regenerator. Therefore, the
gas cannot be used for heating the regenerator by means of
heat exchange. This 1s a cause that prevents the reduction of
waste heat from the gas cooler.

On the contrary, as shown as the right bar graph 1n FIG. 3
represented as “Vapor recompression (VR)+Present mnven-
tion”, the CO, capture system by chemical absorption accord-
ing to this embodiment that simultaneously uses the VR tech-
nique can reduce recovery energy inputted into the
regenerator by 25% when compared with the basic system in
the comparative example and by 10% when compared with
the VR technique.

According to this embodiment, 1t 1s possible to achieve a
CO, capture system by chemical absorption capable of
increasing energy eificiency of the system by reducing recov-
ery energy inputted 1nto the regenerator as well as reducing
exhaust heat resulting from liquid cooling and gas cooling.

Embodiment 3

Next, a third embodiment of the CO, capture system by
chemical absorption according to the present invention will
be described with reference to FIG. 4.

Basic configuration of the CO, capture system by chemical
absorption according to this embodiment shown 1n FIG. 4 1s
the same as that of the CO, capture system by chemical
absorption according to the first embodiment shown 1n FIG.
1. Therefore, description of the configuration common to
both systems 1s omitted and only different parts will be
described below.

FIG. 4 shows an example of the CO, capture system by
chemical absorption that combines the configuration of the
CQO, capture system by chemical absorption according to the
first embodiment with the decompression operating method
of the reboiler.

In the CO, capture system by chemical absorption shown
in FIG. 4, pressure of the reboiler 7 1s decompressed to
become lower than the pressure, 0.15 to 0.2 MPa, of the
regenerator and operated. The lean solvent 8 from which CO,
has been released in the regenerator 2 1s supplied from the
regenerator 2 to the reboiler 7 via the decompression valve 33
installed 1n the solvent supply system 34 and heated by low-
pressure regenerated vapor 9 supplied to the reboiler 7.

Because vapor 1s generated at low pressure in the reboiler
7, the amount of vapor 34 generated from the reboiler 7
increases with the same amount of heat.
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Vapor 34 generated by the reboiler 7 1s pressurized and
heated by the compressor 35 installed in the vapor supply

system 35 for supplying vapor from the reboiler 7 to the
regenerator 2, and then supplied into the regenerator 2.

After vapor has been generated 1n the reboiler 7, the lean
solvent 6 1s supplied to the absorber 1 by means of a pump 37
installed 1n the lean solvent supply system 46 through the
liquid heat exchanger 12 mstalled 1n the lean solvent supply
system 46.

In the decompression operating method of the reboiler
according to this embodiment, 1t can be said that operations of
the reboiler and the VR technique in the CO, capture system
by chemical absorption according to the second embodiment
shown 1n FIG. 2 are simultaneously conducted by the reboiler
7 alone.

Theretfore, the same reduction effects of recovery energy
and cooling waste heat as those in the CO, capture system by
chemical absorption according to the second embodiment
shown 1n FIG. 2 can be obtained. In addition, 1n this embodi-
ment, 1t 1s possible to make the iner temperature of the
reboiler 7 low.

This 1s because saturation temperature of water 1s lowered
because pressure becomes lower. If temperature conditions of
the regenerated vapor 9 which 1s a heating source for the
reboiler 7 are the same, temperature difference from the inner
temperature of the reboiler 7 increases, which 1s advanta-
geous for heat transter.

Therefore, in this embodiment, 1t 1s possible to reduce the
heat-transier area ol the regenerated vapor tube in the reboiler
7 thereby reducing the size of the reboiler 7 and production
COsts.

According to this embodiment, 1t 1s possible to achieve a
CO, capture system by chemical absorption capable of
increasing energy etficiency of the system by reducing recov-
ery energy imputted into the regenerator as well as reducing
exhaust heat resulting from liquid cooling and gas cooling.

Embodiment 4

Next, a fourth embodiment of the CO, capture system by
chemical absorption according to the present invention will
be described with reference to FIG. 5.

Basic configuration of the CO, capture system by chemical
absorption according to this embodiment shown 1n FIG. 5 1s
the same as that of the CO, capture system by chemical
absorption according to the first embodiment shown 1n FIG.
1. Therefore, description of the configuration common to
both systems 1s omitted and only different parts will be
described below.

FIG. 5 shows an example of the method of controlling the
CO, capture system by chemical absorption according to this
embodiment.

The arrangement of the apparatuses and systems in the
CO,, capture system by chemical absorption according to this
embodiment 1s the same as that of those 1n the CO,, capture
system by chemical absorption according to the first embodi-
ment. Herein, pressure of the gas-liquid separator 31 1s almost
equal to the outlet pressure of the compressor 28 and higher
than the inner pressure of the regenerator 2. Theretfore, con-
densed water 1n the gas-liquid separator 31 flows into the
regenerator 2 due to pressure difference. However, if all of the
condensed water tlows out, a gas channel opens between the
high-pressure gas in the gas-liquid separator 31 and the gas in
the regenerator 2, and CO, rich gas 18 results 1n flowing into
the regenerator 2.

To prevent the above, in this embodiment, there are pro-
vided a level gauge 37 for measuring a liquid level of con-
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densed water in the gas-liquid separator 31, and a controller
38 for determining the degree of opening of the flow control
valve 32 according to the measurement signal of the level
gauge 37 and using the value 32 for the operation.

By the control performed by the controller 38, 1t 1s possible
to always store a certain level of condensed water 1n the
gas-liquid separator 31 and seal the gas in the gas-liquid
separator 31 and the gas 1n the regenerator 2.

The controller 38 may perform control by using a function
for determining the degree of opening of the tlow control
valve 32 according to the level of condensed water measured
by the level gauge 37. Furthermore, control may be per-
formed by using a circuit by which the flow control valve 32
opens when the measured liquid level by the level gauge 37
exceeds the preset liquid level, and the flow control valve 32
closes when the measured liquid level by the level gauge 37 1s
lower than the preset liquid level. Alternatively, hysteresis
control may be applied by which the flow control valve 32
opens when the measured liquid level by the level gauge 37
exceeds the preset high liquid level, and the flow control valve
32 closes when the measured liquid level by the level gauge
37 1s lower than the preset low liquid level.

According to this embodiment, 1t 1s possible to achieve a
CO, capture system by chemical absorption capable of
increasing energy etficiency of the system by reducing recov-
ery energy inputted 1nto the regenerator as well as reducing
exhaust heat resulting from liquid cooling and gas cooling.

The present invention can be applied to the CO,, capture
system by chemical absorption.

The invention claimed 1s:

1. A CO, capture system by chemical absorption for
removing CO, from a combustion exhaust gas by a solvent,
comprising;

an absorber for absorbing CO, by the solvent;

a regenerator for heating a rich solvent that has absorbed
CO, thereby releasing CO, and forming a lean solvent;

a rich solvent supply system for supplying the rich solvent
from the absorber to the regenerator;

a lean solvent supply system for supplying the lean solvent
from the regenerator to the absorber;

a heat exchanger for exchanging heat between the rich
solvent and the lean solvent supplied from the respective
supply systems; and

a reboiler for heating the solvent supplied from the regen-
crator;

the CO, capture system by chemical absorption further
comprising:

a gas exhaust system for discharging gas released from the
solvent 1n the regenerator;

a gas compressor mnstalled downstream of the gas exhaust
system;

a heat exchanger disposed downstream of the gas compres-
sor for exchanging heat between a compressed gas and a
rich solvent to be supplied to the regenerator;

a gas-liquid separator disposed downstream of the heat
exchanger for separating gas from condensed water;

a condensed water supply system for supplying condensed
water from the gas-liquid separator to the regenerator;

another gas exhaust system for discharging gas containing
high-concentration CO, from the gas-liquid separator;

a compressor, disposed downstream of the gas-liquid sepa-
rator 1n the another gas exhaust system, for pressurizing
the gas containing high-concentration CO,, and

a vapor recompression system for supplying vapor to the
regenerator comprising;

a decompression evaporator for evaporating the lean sol-
vent discharged from the regenerator or the reboiler;
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a compressor for pressurizing vapor generated by the
decompression evaporator; and

a vapor system for supplying the vapor generated by the
decompression evaporator to the compressor and sup-
plying the vapor pressurized and heated by the compres-
sor to the regenerator.

2. The CO, capture system by chemical absorption accord-
ing to claim 1, the CO, capture system by chemical absorp-
tion further comprising;

a condensed water supply system for supplying condensed
water separated by the gas-liquid separator from the
gas-liquid separator to the regenerator;

a control valve disposed 1n the condensed water system:;

another gas exhaust system for discharging gas containing,
high-concentration CO, separated by the gas-liquid
separator;

a level gauge for measuring a level of condensed water in
the gas-liquid separator; and

a controller for opening and closing the valve provided in
the condensed water system according to the level of the
condensed water in the gas-liquid separator measured by
the level gauge.
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